Destruction of articular cartilage in various human arthropathies may proceed via a final common effector pathway1 mediated through the action of degradative enzymes.2'3 Whatever the primary event, subsequent breakdown and abortive repair4-7 result from tissue interactions in which both synovial and cartilage elements participate.8 '9 It has been suggested that proteoglycans released by the initial injury from normally sequestered sites in cartilage matrix may promote or sustain the degradative response, and that the arthritogenic potential of these complex polysaccharides may be a function of their large size or their high negative charge. Polysaccharide macromolecules, depending on their size and degree of sulphation, have been shown to release lysosomal enzymes in vitro from macrophages'0 and embryonic cartilage." Intraarticular injection of carrageenin in rabbit knees has been used to produce an inflammatory arthritis with high synovial enzyme activity and loss of cartilage proteoglycan.12-"5 Florid synovitis and destructive osteoarthritis were similarly produced in rabbit knees by repeated intra-articular injection of dextran sulphate. 16 Cartilage breakdown was studied in vitro by means of the bovine nasal cartilage disc-synovial mince coculture method we have described previously.9 Briefly, uniform 1 x 8 mm cartilage discs prepared from bovine nasal septum were established as organ cultures on stainless steel grids. Each culture was fed at 2-day intervals with 2 ml Dulbecco's modified Eagle's medium (high glucose) supplemented with 10% (v/v) fetal calf serum, 100 ,ug/ml streptomycin sulphate, 100 U/ml penicillin, 5 ,ug/ml amphotericin-B, and incubated at 370C in steel chambers (Baird and Tatlock, London) flushed with 5% CO2: 95%°2 Aliquots of minced synovium were applied to replicate cultures, overlapping the cartilage edge by a few mm. Experiments were continued for 8 to 12 days from the time of addition of synovium. Proteoglycan released into culture medium was assayed by the alcian blue-complexing method'7 with chondroitin sulphate as the standard.
Results
All the animals tolerated their injections well. In dextran sulphate injected knees there was evident heat and swelling during the first 2 weeks, which (a) Acid phosphatase 1 (U/ml/lOOmg) 16 A total of 10 rabbits received intra-articular dextran sulphate in one knee and either saline, dextran or chondroitin sulphate in the contralateral joint. The enzyme activities of synovial homogenates are shown in Fig. 1 . Data are presented as the acid phosphatase (Fig. I a) or beta-glucuronidase (Fig. lb) level in homogenised dextran sulphate synovium versus the activity in the contralateral control knee for each animal. If there were no significant effect of dextran sulphate, all points would fall on the 450 line of equivalence. In each animal, however, the dextran sulphate side exhibited greater acid phosphatase activity than the contralateral side, irrespective of the latter agent (Fig. la) . Similarly, in 9 of 10 instances beta-glucuronidase values also fell above the line (Fig. lb) . Analysis by the Wilcoxon test for pair differences18 was highly significant in both cases (P<0 01). The close correspondence between the acid phosphatase and betaglucuronidase responses is in keeping with their common lysosomal origin,'9 and indeed when both enzyme values were compared in all 20 knees irrespective of the substance injected, there was a significant correlation (r=0 62, P<0 01).
The degradative capacity of dextran sulphate treated synovia was still evident as late as the 8th The relationship between degradative capacity in vitro and synovial lysosomal enzyme content at the time of the animals' being killed is illustrated in Table 1 . In 4 animals given dextran sulphate in one knee and chondroitin sulphate in the other there was a parallelism between initial acid phosphatase or beta-glucuronidase activity and the 8-day cumulative proteoglycan release. Dextran sulphate synovia with high lysosomal enzyme content induced significantly greater proteoglycan release (T/C ratio=2-04) than did chondroitin sulphate- Acid phosphatase I-Glucuronidase Proteoglycan (U/ml/100 mg) (pg/ml/100 mg) release (TIC ratio)
Saline ( Four rabbits were injected with chondroitin sulphate in one knee and dextran sulphate in the other; an additional 4 rabbits received saline. Synovia were harvested after 8 weeks. Cumulative 8-day proteoglycan release from cartilage is expressed as the treatment/control ratio of 5 cultures in each experiment as described in Fig. 3 . Values are means i SEM of (n) synovia. (a) data from Fig. 1 (Fig. la and b) . In an independent bioassay using cartilage synovium cocultures, the degradation of cartilage in vitro was increased approximately 2-fold in the presence of dextran sulphate synovium. This paralleled the lysosomal enzyme content of synovium at the animals' death. However, it is noteworthy that the two indicators of synovial activity were not necessarily concordant. Chondroitin sulphate synovia which contained normal levels of the 2 marker enzymes nonetheless were capable of significant resorptive activity in organ culture. Possible explanations include significant increases in other unmeasured enzymes, or the unmasking in vitro of degradative potential held in abeyance in the intact animal.
The significance of negative charge versus molecular weight as the major determinant for eliciting a response remains unanswered by the present experiments. Neither high charge density nor high molecular weight alone are sufficient to explain the phenomenon, but induction of the degradative response appears to depend on some interaction of these 2 variables. Recent work from our laboratory (Aaron and Sledge, unpublished) with carrageenins of equivalent charge but differing molecular weights lends support to this hypothesis.
